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Presented at the Workshop on Heavy Quarks at Fixed Target, Fermilab, Oct. [10] [11] [12] 1998 2) Now at Imperial College, London SW7 2BZ, U.K. 3) Abstract. In parallel to charm hadroproduction the experiment Selex (E781) at Fermilab is pursuing a rich hyperon physics program. Selex employs a 600 GeV/c beam consisting of 50 % Σ − and π − each. The three-stage magnetic spectrometer covering 0.1 ≤ x F ≤ 1.0 features a high-precision silicon vertex system, broad-coverage particle identification using TRD and RICH, and a three-stage lead glass photon calorimeter. First results for the Σ − charge radius, total Σ − -nucleon cross sections, and a new upper limit for the radiative width of the Σ(1385) − are presented.
I INTRODUCTION
In parallel to charm hadroproduction the hyperon beam experiment Selex (E781) at Fermilab is pursuing a rich hyperon physics program. One year after the end of the 1997 fixed target run, first results are available.
The apparatus has been described already elsewhere in these proceedings [1] . Ongoing projects include the measurement of hyperon charge radii by hyperonelectron elastic scattering, the Σ − -proton total cross section, Primakoff production of hyperon resonances, Σ + production polarization, and the search for exotic particles produced by hyperon-induced reactions to name a few examples. The hyperon physics program is complemented by analysis of the data taken with π − and proton beams, which has also yielded first results [2] .
II CHARGE RADII
Hadrons as we understand them today are composite systems which we characterize by their static properties. One static property which reflects the phenomenon unique to hadrons -quark confinement -is the size of the particle.
Elastic scattering of an electron off a charged hadron is modified from a point interaction by the form factor F (Q 2 ) where Q 2 is the four-momentum transfer squared. At zero momentum transfer the mean squared charge radius is related to the slope of the form factor by
Charge radii are known only for five different hadrons so far. The fact that the K − radius has been found to be smaller than that of the π − by ∼ 0.1 fm 2 suggests that the size of a hadron is related to the flavor composition of its constituent quarks. There is supporting evidence from a study of strong interaction radii [3] which finds that replacing an up or down quark by a strange quark in a baryon decreases its radius by approximately 0.08 fm 2 . Consequently the Σ − radius should be smaller than the proton radius, and larger than the Ξ − . The definition of a strong-interaction radius, however, is model-dependent. The significance of the above observation is therefore limited unless validated by a systematic study of hyperon charge radii.
For hadron-electron elastic scattering, two hits in the negative and none in the positive half of a hodoscope downstream of the second magnet in coincidence with a multiplicity of two in a set of scintillation counters 3 cm downstream of the target constituted a valid trigger condition. The typical trigger rate at this level was 3000 per 20-second spill at a beam rate of 10 7 particles per spill. An online filter performed a preliminary track reconstruction in the M2 spectrometer. Requiring at least one track with negative and none with positive slope together with other conditions crucial to a complete reconstruction reduced this sample by a factor of 1:1.7.
In the 1997 run Selex has recorded 215 million candidates for hadron-electron scattering with the Σ − /π − -beam. In preparation for a first analysis with the software tools available at that time the negative-beam sample was stripped to 10 % of its original size by cutting on an electron signature, unambiguous identification of the beam particle, and a two-negative-track event topology. A second-stage strip required a two-prong vertex, again reducing the sample by a factor of 10.
Out of the stripped data sample described above, 12,000 Σ − -electron and 26,000 π − -electron elastic scattering events were extracted. For each event, the incoming and outgoing tracks in the vertex were required to be coplanar. Particle identification for the two outgoing tracks was performed by combining information from he transition radiation detectors with kinematic constraints. Events with ambiguous particle identification were discarded. For Σ − , decays upstream of the M2 chambers were rejected by requiring the scattered beam particle to have at least 60 % of the incoming beam particle's momentum. Finally, electron momentum and scattering angle had to match their expected kinematic relation to better than 10 %. The charge radii were determined by fitting the differential cross section with an assumed radius as the single parameter to the observed distribution of the fourmomentum transfer squared Q 2 ( Fig. 1 ). Since the shape of the Q 2 -distribution yields the radius no absolute normaliziation is needed. In this first analysis, Q 2 was calculated from the beam momentum and the scattering angle of the electron. From Monte Carlo studies the Q 2 resolution was estimated to be 1.5 %. Preliminary acceptance studies were performed using generated elastic scattering events embedded in real data. The geometrical and reconstruction-dependent acceptance was modeled and a preliminary evaluation of the trigger efficiency performed.
For the Σ − data, a Q 2 region with flat acceptance was chosen for fitting the radius. For the π − data, an acceptance correction was applied. Each event was normalized to its individual beam momentum to eliminate effects of the beam momentum spread. An unbinned maximum likelihood fit using dipole electric and magnetic form factors for the Σ − yields a mean squared charge radius of [10, 11] , Mainz [9] , dispersion-theoretical fit to all of above [12] , and Lamb shift [13] . -Experimental results (center): SELEX : this measurement, WA89 : WA89 result [5] , strong: strong interaction radius [3] . -The predictions for Σ − refer to the following models: non-rel.: non-relativistic quark model, VDM : vector dominance model, rel bag: relativistic bag model (all three values from [3] ), Skyrme 1 : Skyrme model [14] , Skyrme 2 : Skyrme model [15] , CCDM : Chiral color dielectric model [16] , Soliton: Soliton model [17] , CQM+XC : Chiral constituent quark model including exchange currents [18] .
in the Q 2 region of 0.03 ≤ Q 2 ≤ 0.16 GeV 2 /c 2 (7,800 events) [4] . This result is well inside the limits determined by the WA89 collaboration [5] , 0.4 fm 2 ≤ r 2 Σ − ≤ 1.4 fm 2 (Fig. 2) . For the negative pion, a monopole electric form factor is used. We find (12,000 events) [6] . This result is in excellent agreement with the so far best direct measurement [7] of r 2 π = 0.44 ± 0.01 fm 2 as well as a recent calculation which takes into account form factor measurements in both space-like and time-like regions [8] : r 2 π = 0.463 ± 0.005 fm 2 . Major contributions to the systematic error come from the Q 2 resolution, uncertainties in the corrections for trigger efficiency, and beam contamination by other particles, particularly Ξ − . Significant improvement is expected for all of these when advanced reconstruction and simulation software is used to refine the data sample. In general, the difference of total hadronic cross sections is ascribed to the difference in Regge residue functions, which are connected to hadronic radii, rather than to the Pomeron propagator. In the Landshoff-Donnachie [19] version of Regge theory the effective Pomeron intercept ǫ ≈ (α P (0) − 1) and the effective Reggeon intercept η ≈ (α R (0) −1) are assumed to be universal, i.e. the same for all hadrons, with ǫ ≈ 0.08 and η ≈ 0.47.
Recent data from H1 and ZEUS on the proton structure function at small x and high Q 2 demonstrate, however, that the effective Pomeron intercept is higher for hadrons with smaller radii, up to ǫ = 0.4 for high Q 2 [20] . There is further evidence for ǫ > 0.08 from real exclusive photoproduction of heavy flavors. Data from HERA also show that the cross section of J/Ψ photoproduction rises by a factor of 6 from √ s = 10 to 100 GeV [21, 24] .
This Q 2 dependence of the ǫ should have its counterpart in the ǫ dependence on the radii of the stable hyperons. The higher the quark mass, the smaller the interquark distance corresponding to the effective high Q 2 hadronic interaction. The only available beams with flavors heavier than up or down are K ± and hyperon beams. Total cross sections of Σ − and Ξ − on protons and deuterons have been measured at beam energies between 19-137 GeV at CERN [22, 27] . Analogous data at 600 GeV would provide a sensitive test of the Pomeron universality [23] .
In the 1997 fixed target run Selex has recorded 58 million events with Σ − /π − and 18 million with proton/π + beams using a beam-only trigger. Beam particles were identified with a transition radiation detector. Corrections were applied to account for effects of Coulomb and Coulomb-nuclear interference as well as beam rate and contamination.
The total hadronic Σ − p cross section at 600 GeV/c beam momentum has been determined by the transmission method:
Here, ρ and L are density and length of the target, and F tr /F 0 and E tr /E 0 the transmission ratios with and without target, respectively. Instead of a liquid hydrogen target Selex had two alternative approaches:
(1) C-CH 2 subtraction method. From the data sample taken with carbon and polyethylene targets the total Σ − -proton cross section was calculated from 
This yields
σ tot (Σ − p) = 34.0 ± 1.9 mb, where statistical and systematic errors have been combined. As a cross check, an identical analysis was performed on the pion-proton data taken with these targets:
A comparison to the current world data sample which only covers beam momenta up to 370 GeV/c [26] finds our results to be following the general trend (Fig. 3) .
(2) σ tot (Σ − p) was calculated from the ratio of proton-nucleus and Σ − -nucleus cross sections. Here, we used Be and C targets. The Σ − -nucleus cross sections for Be and C targets follow nicely the expected A-dependence of σ tot (XA) = σ 0 A α , where α ≃ 0.77 [25] . The Σ − -proton cross section was calculated from the ratio σ tot (Σ − A)/σ tot (pA). Nuclear effects were accounted for by a model based on Glauber theory which included corrections for inelastic nuclear shadowing. This leads to the result of σ tot (Σ − p) = 36.39 ± 0.76 mb (Be target, 635 GeV/c average beam momentum) and σ tot (Σ − p) = 36.13 ± 0.42 mb (C target, 595 GeV/c ).
The results are shown along with total Σ − p cross sections at lower energies in Fig. 4 . A fit to these data points using the Donnachie-Landshoff parametrization σ tot (Σ -p) FIGURE 4 . Total Σ − p cross section at different center-of-mass energies. Low-energy data from Badier et al. [27] and WA42 (Biagi et al. [22] ). Selex results from C-CH 2 difference (square) and C and Be target Glauber calculations (triangles).
[26] yields ǫ = 0.098 ± 0.019 [25] .
IV RADIATIVE WIDTH OF Σ(1385)
− Radiative decay widths of hyperons constitute powerful tests for dynamical theories of hadronic systems. The expected value of the SU(3)-suppressed radiative width Γ(Σ * − → Σ − γ) in different models is predicted in the region of 1-10 keV and the SU(3)-allowed width Γ(Σ * + → Σ + γ) in the range of 100-300 keV [28] . Unfortunately, the experimental situation is difficult due to small branching ratios on one hand and large background from hadronic decays on the other.
The production of a hadron resonance state in the nuclear Coulomb field (the Primakoff formalism), on the other hand, provides a relatively clean method for the determination of radiative widths.
At Selex , the Σ(1385) − was produced from Σ − using a lead target. The differential cross section for the Primakoff reaction
can be written as a function of the four-momentum transfer squared t, where α is the fine structure constant, t min the minimal momentum transfer squared, and m Σ * the mass of the final state. Z is the charge and F (t) the electromagnetic form factor of the nucleus. The t-distribution for the Primakoff reaction has a pronounced forward peak at t = 2t min . The beam Σ − was identified with a TRD. Elasticity of the reaction and less than 2 GeV of energy deposition in the first lead glass calorimeter were required. The observed Λπ − mass distribution is shown in Fig. 5 (upper left), with the peak from Ξ − decays in the lead target clearly visible. The observed p 2 T distribution (Fig. 5, upper right) was assumed to be the sum of coherent Λπ and Primakoff production. From Monte Carlo simulation we found that both coherent and Primakoff p 2 T distributions smeared by the experimental resolution can be described by double-exponential fits [30] .
Two methods were used to estimate the Λπ mass distribution for the Primakoff reaction:
1. Two p Both methods are in reasonable agreement (Fig. 5, center right) . The total cross section for the process is given by the equation
A was obtained by integrating numerically over the differential cross section dσ/dt. The radiative width Γ(Σ(1385) − → Σ − γ) was estimated using the expression
where N Σ * is the number of observed events, L the luminosity of the experiment, ǫ the combined reconstruction efficiency where efficiency of the applied cuts and finite decay volume have been accounted for. The luminosity was determined on the basis of coherent production of (π − π − π + ) by pions [29] . The upper limit for the Primakoff production of Σ (1385) − is: N Σ * < 205 events at 95 % confidence limit. With the above equation this yields Γ(Σ(1385) − → Σ − γ) < 12 keV (95 % CL), thus improving the upper limit of 24 keV established by an experiment at Brookhaven (1977) [31] .
V CONCLUSIONS
A measurement of the Σ − mean squared charge radius has been performed by elastic Σ − -electron scattering. A preliminary analysis yields a Σ − radius of r 2 Σ − = 0.60 ± 0.08 (stat.) ± 0.08 (syst.) fm 2 . The π − radius was determined in parallel and is found to be in excellent agreement with previous experiments.
The Σ − p total hadronic cross section has been measured at 600 GeV/c . We obtain σ tot (Σ − p) = 34.0 ± 1.9 mb from the difference of results for CH 2 and C targets, and σ tot (Σ − p) = 36.6 ± 0.9 mb from a Glauber model calculation using the ratios of Σ − A to pA cross sections on C and Be targets. A new upper limit for the radiative width of the Σ(1385) − has been established at 12 keV (95 % CL) from a study of Primakoff production on lead nuclei.
Improved statistics and smaller systematic errors for these results as well as other hyperon physics results are expected as the analysis of Selex data proceeds.
